Outer membrane protein profiles of Haemophilus pleuropneumoniae were examined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Cells were disrupted by sonication, and outer membrane-enriched fractions were prepared by differential centrifugation and selective solubilization of the inner membrane with sodium N-lauroyl sarcosinate. Colony type, growth medium, time of harvest, and in vitro or in vivo passage had no appreciable effect on the protein profiles of the strains examined. Seven patterns were distinguished among the reference strains of the nine capsular serotypes. These patterns were based on the mobility of the major outer membrane proteins migrating in the 39,000-to 44,000-molecular-weight region of the gel, a 16K to 16.5K protein, and a heat-modifiable 29K protein. Strains of serotypes 1 and 9 had identical outer membrane protein profiles, as did strains of serotypes 2 and 6. The reference strains of the remaining five serotypes each had a distinct pattern. The outer membrane protein proffles of 95 field isolates belonging to serotypes 1, 5, 7, and 9 from swine in the midwestern United States were determined and compared with the reference patterns. The results indicate that the population of H. pleuropneumoniae is clonal, with three predominant clones distinguished by both serotype and outer membrane protein profile responsible for the majority of H. pleuropneumoniae disease occurring in swine in the United States.
Haemophilus pleuropneumoniae is the etiologic agent of swine pleuropneumonia. The course of the disease can range from peracute to chronic; the characteristic acute lesion is a hemorrhagic, necrotizing pneumonia often associated with fibrinous pleuritis (23) . Prevalence of this disease has increased dramatically in a large segment of the U.S. swine population in recent years, reflecting in part the associated stresses brought on by intensified production.
Isolates of H. pleuropneumoniae have been grouped into eight serotypes based on capsule-associated, heat-stable and heat-labile, type-specific antigens (11, 21, 24, 32 ; R. Nielsen, Ph.D. thesis, Royal Veterinary and Agricultural University, Copenhagen, Denmark, 1982) . The existence of a ninth serotype has recently been proposed (R. Nielsen, Acta Vet. Scand., in press; J. Nicolet, personal communication) . A number of studies have focused on the capsule, LPS, hemolysin, and whole-cell proteins of H. pleuropneumoniae (18, 22; for review, see reference 33). However, little is known about the outer membrane proteins (OMPs) of the organism. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) of OMPs of other gram-negative pathogens has resulted in the identification of potentially useful epidemiologic, morphologic, and virulence markers.
The purpose of this study was to examine the SDS-PAGE profiles of outer membrane-enriched fractions of H. pleuropneumoniae isolates representing the different capsular serotypes. The influence of solubilization conditions on the OMP profiles of the H. pleuropneumoniae serotypes was examined. The genotypic and phenotypic stabilities of the OMP profiles were also determined, as were the effects of growth medium and time of harvest. Lastly, patterns obtained with field isolates from U.S. swine were compared with those of the reference strains to determine the homogeneity of OMPs among strains within the same capsular serotype. MATERIALS AND METHODS Bacterial strains. The sources and designations of the reference strains for H. pleuropneumoniae serotypes 1 to 7 were reported previously (31) . H. pleuropneumoniae 405, serotype 8, and strain CVI 13291, proposed serotype 9, were obtained from H.-J. Riising, Northern Drugs and Chemicals, Ltd., Copenhagen, Denmark. H. pleuropneumoniae Xl, proposed serotype 9, was obtained from J. Nicolet, University of Bern, Bern, Switzerland. Ninety-five field isolates from different herd outbreaks of pleuropneumonia in Iowa and Illinois were collected and characterized as described previously (31) . The isolates were taken from routine submissions to diagnostic laboratories during a 22-month period, from October 1980 until August 1982. Duplicate accessions from the same farm were eliminated.
Cultures were maintained by growth in M96 mycoplasma medium (9) The unique mobility of major OMPs was confirmed by mixing experiments to determine whether the mixture of two strains produced a composite pattern of the individual preparations. The major 41K protein from the serotype 2, 3, and 6 isolates comigrated; however, differences were apparent in the less intensely stained proteins migrating with molecular weights between 43,000 and 49,000 ( Fig. 2A) . The 41K band of serotype 2 could be distinguished from the 42.5K band of serotype 1, and the major 39K band of serotype 1 was distinct from the less intense 38.5K band present in the other serotypes ( Fig. 2A) . The mobility of the 42K band of serotypes 5 and 7 was distinguished from that of the 41K band of serotype 6 (Fig. 2B) Fig. 3 . The 29K band of serotypes 1, 3, 5, 7, and 9 decreased in intensity with increased time or temperature of incubation. There was a corresponding increase in staining intensity of proteins with apparent molecular weights of 42,500 (serotypes 1 and 9), 38,500 (serotype 3), and 43,500 (serotypes 5 and 7). The 29K protein from serotype 2, 4, 6, and 8 strains decreased slightly in staining intensity with increased time or temperature of incubation, but substantial quantities of the 29K proteins remained even after treatment at 100°C for 30 min. In preparations from these strains, 43.5K proteins were observed with increasing time and temperature of sample preparation. A 38.5K protein appeared in preparations from all strains after the treatment of samples at 100°C. The OMP profiles of samples heated at 100°C for 90 s, 10 min, and 15 min were essentially the same as those heated for the standard time of 5 min. It was only with treatment at 100°C for 30 min that the 29K proteins of serotypes 1, 3, 5, 7, and 9 essentially disappeared.
Seven OMP patterns were distinguished among the reference strains of the nine serotypes on the basis of differences in the mobilities of the major proteins and the heat modifiability of the 29K proteins ( were grown in BHI and PPLO broth, and OMP-enriched fractions were prepared. There were no differences in the OMP profiles of these preparations (Fig. 4) . The effect of harvest time on the OMP profile of strain K17 was also examined. Cells were grown on BHI broth and harvested after 5, 12, or 24 h of incubation. OMP profiles of these preparations were indistinguishable (Fig. 4) .
H. pleuropneumoniae forms two colony types, adherent and smooth, the latter reported to reflect partial loss of capsule (Nicolet, Ph.D thesis). However, we observed a negative image suggestive of a capsule surrounding the cells of smooth-and adherent-colony clones of 15 strains when dry India ink stains were examined by light microscopy (data not shown). The reference strains of serotypes 1 through 4, 7, and 8 and serotype 9 strain CVI 13291 were of the smooth-colony type, while the serotype 6 reference strain and serotype 9 strain Xl were adherent. The reference strain for serotype 5 formed a mixture of the two colony types. To determine whether colony type influenced OMP profiles, smooth and adherent clones of serotype 5 strain K17 were grown in PPLO medium, and Sarkosyl-insoluble fractions were prepared. No differences were observed in these preparations (Fig. 4) (Fig. 4) . The OMP profiles of strain 200, a serotype 5 field isolate, did not change after inoculation and reisolation from a pig (data not shown).
OMP profiles of field isolates. The profiles of smoothcolony clones from 95 H. pleuropneumoniae serotype 1, 5, 7, and 9 field isolates were compared with those of the reference strains for these serotypes (Fig. 5 ). Of 15 serotype 1 isolates examined, 7 had a major 45K band which was not evident in six extractions or repeated SDS-PAGE runs of the serotype 1 reference strain 4074. Seven isolates, four of which expressed the 45K protein, were selected for further study. Six of the seven strains were stable with respect to expression or lack of expression of this protein; however, the protein was observed only in one of three preparations from the seventh isolate. The serotype 9 field isolate examined had an OMP profile which was identical to that of strain Xl with the exception of an additional 45K band. This protein was absent in two subsequent preparations from the same strain.
The 70 serotype 5 field isolates examined had OMP profiles that were similar, but not identical, to that of confirmed the distinct mobilities of the major bands used to identify the seven observed patterns.
All of the reference strains had a 29K OMP. This band varied in intensity and, in preparations from serotypes 1, 3, 5, 7, and 9, the 29K protein was not observed after the treatment of samples at 100°C for 30 min. Concomitantly, a protein with a higher apparent molecular weight was present in samples treated at 100°C, suggesting that this protein represented the heat-modified form of the 29K protein. Both the nondenatured and heat-modified forms were present in samples treated at 100'C for 5 min; it was only after boiling for 30 min that the protein was converted completely to the heat-modified form. With most gram-negative bacteria, conversion to the heat-modified form occurs at temperatures below 100°C (4). However, the 29K protein of H. pleuropneumoniae resembles the heat-modifiable proteins of Haemophilus influenzae type b and Pseudomonas aeruginosa, for which extended time at 100°C is required for full conversion to the heat-modified form (6, 12, 17) .
The slight decrease in the intensity of the 29K band of serotypes 2, 4, and 6 which occurred after treatment at 100'C for 30 min seemed to correspond to an increase in both the 38.5K and 43.5K bands. However, in preparations from these serotypes, the 29K band was still prominent in samples boiled for 30 min. The 29K band of these serotypes may represent a mixture of heat-modifiable and non-heatmodifiable proteins.
We have not included a comparison of the minor or less intensely stained bands in defining the SDS-PAGE patterns. Although Sarkosyl-insoluble fractions are enriched in the major OMPs (1, 5, 8) , detergent treatment may result in the loss of some minor proteins (3, 5 An association of colony morphology with OMP profiles has been well documented for pathogenic Bordetella spp. (7, 27, 29) and Neisseria spp. (14, 37, 38, 40 (3, 10) . Recently, electrophoretic analysis of metabolic enzymes has confirmed the clonal nature of both the E. coli (25) and H. influenzae type b populations (20) . The predominant H. pleuropneumoniae isolate from swine in the midwestern United States is serotype 5 (31) . Of 70 serotype 5 isolates examined, 67 had an identical OMP profile which was similar, but not identical, to the profile of the reference strain K17. The 42K to 43.5K doublet was easily resolved in preparations from all of the field isolates but was observed only with difficulty for the reference strain K17. Strain K17 was originally isolated in the early 1960s in California, and, uniquely, it was not isolated from swine but from a lamb with lesions of arthritis (11) . Three field isolates differed in the mobility of the low-molecular-mass protein. 
